The presence of any age-related differences in gingival pigmentation associated with smoking, particularly in a young population, remains to be fully investigated. The purpose of this study was to determine the age-related differences in smoking gingival pigmentation. Gingival pigmentation was analyzed using the gingival melanosis record (GMR) and Hedin's classification with frontal oral photographs taken at 16 dental offices in Japan. Participants were categorized into 10-year age groups, and their baseline photographs were compared. In addition, to evaluate the effect of smoking cessation on gingival pigmentation, subjects were divided into a former smoker group (stopped smoking) and current smoker group. A total of 259 patients 19 to 79 years of age were analyzed. People in their 30s showed the most widespread gingival pigmentation. In addition, subjects in their 20s showed a weak effect of smoking cessation on gingival pigmentation. These findings suggested that the gingival pigmentation induced by smoking was more remarkable in young people than in middle-aged people. This information may be useful for anti-smoking education, especially among young populations with a high affinity for smoking.
Introduction
Smoking is known to cause health problems [1] . Recently, there have been many reports on the effects of secondhand smoking in children, underscoring the severity of smoking in children [2] [3] [4] [5] . In the field of oral health, the effects of secondhand smoking in children have also begun to be described [6, 7] . Hanioka et al. reported the association of melanin pigmentation in the gingiva of children with parents who smoke [6] . Therefore, proactive efforts toward smoking cessation in young populations must be enacted in not only the medical field but also the dental field.
In the general dental field, one side effect of smoking is gingival pigmentation. Gingival pigmentation can be induced by not only smoking, but also by tattoos, and they can lead to both toxicity and systemic diseases [8, 9] . Gingival pigmentation develops following the accumulation of melanin, which is produced by melanocytes [10, 11] . Hedin et al. first reported that smokers showed greater gingival pigmentation than non-smokers [12] . In addition, it was reported that quitting smoking resulted in a decrease in gingival pigmentation in qualitative studies [12] [13] [14] . Recent studies have evaluated gingival color using a dental photoelectric colorimeter [15, 16] . However, the relationship between the duration of smoking cessation and reduction of gingival pigmentation is unclear at present. It is difficult to evaluate gingival pigmentation quantitatively, and gingival pigmentation has traditionally been analyzed in a subjective manner. Ono reported the quantitative evaluation of gingival pigmentation in their study [17] . However, a special device was required to evaluate the gingival pigmentation in those reports, and its reproducibility was unclear.
Therefore, we developed a new assessment method-the gingival melanosis record (GMR)-that evaluates gingival pigmentation quantitatively using common devices and examined the relationship between smoking cessation and reduction of gingival pigmentation [18] . Given that the presence of age-related differences in smoking gingival pigmentation, particularly in a young population, has been unclear, we attempted to describe the influence of smoking and the effects of smoking cessation on gingival pigmentation in different age groups.
Materials and Methods

Patients and Ethical Considerations
The subjects were 283 smoker patients who visited 16 general dental offices that were members of the Japan Health Care Dental Association. The subjects were divided into current smokers and former smokers. "Current smokers" were those who had smoked greater than 100 cigarettes in their lifetime and had smoked in the previous 30 days, and "former smokers" were those who had smoked greater than 100 cigarettes in their lifetime but had not smoked in the last 30 days, according to the Japanese Administration of Health, Labor, and Welfare Ministry. They visited these dental offices for a regular checkup and had a series of oral photographs taken. In total, more than 900 oral photographs were analyzed.
This study was approved by the Ethics Committee for Clinical Research at Fukuoka Dental College (approval number 194). To maintain anonymity, patients were given an identification number. Therefore, analysts did not have to use patients' individual information. All patients provided their informed consent in writing.
Measurement of the Gingival Color
Gingival pigmentation was analyzed using frontal oral photographs taken with non-contact-type dental cameras. These cameras were commonly available, and frontal oral photographs were obtained using standardized techniques. All oral photographs were reviewed on a monitor with a liquid crystal display (Multi Sync LCD 2490WUXi2, NEC Corp., Tokyo, Japan), and the same estimator evaluated all of the photographs. These oral photographs were randomized, and the analyzed photographs were completely masked.
The frontal oral photographs were analyzed using the GMR for quantitative measurement as well as using Hedin's classification for qualitative measurement [18] . The GMR determined the presence or absence of gingival pigmentation at the target site, which was defined as below ( Figure 1 ). The GMR was used to evaluate the presence or absence of gingival pigment at the assessment sites, and it was represented as a percentage by dividing the pigmented assessment sites by all assessment sites [18] .
Hedin's classification uses the classical evaluation method of gingival pigmentation, and gingival pigmentation was qualitatively analyzed on a scale of 0 to 4 ( Figure 2 ) [12] . The subjects of this study were applied to the samples in our previous study [18] , and assessment procedures included confirmed standardized conditions and a validity check. To assess the validity of the GMR, we compared the GMR with Hedin's classification, and intraclass correlation coefficients (ICC) were calculated to assess the GMR reproducibility. ICC (1,1) was used to evaluate repeatability by the same examiner, and ICC (2,1) was used to evaluate stability between examiners [18] . Nine points were plotted to separate eight equal parts on the vertical line, and it was adopted that measuring sites were the points in the attached gingiva, and the vertical lines were placed at mesial and central and distal points of the frontal teeth. (4) The presence of pigmentation at the measuring sites was evaluated and the percentile with pigmentation was calculated for the gingival melanosis record (GMR).
Age-Related Differences in the Effect of Smoking Cessation on Gingival Pigmentation
The relationship between age and smoking history was analyzed using Spearman's rank correlation coefficient. To evaluate age-related differences in gingival pigmentation due to smoking, all patients were divided into subgroups by their age (10-year intervals), and baseline photographs were evaluated using GMR and Hedin's classification. To determine the age-related effect of smoking cessation on smoking-induced gingival pigmentation, subjects were separated into a former smoker group (stopped smoking) and current smoker group (presently smoking). In addition, the two groups Nine points were plotted to separate eight equal parts on the vertical line, and it was adopted that measuring sites were the points in the attached gingiva, and the vertical lines were placed at mesial and central and distal points of the frontal teeth. (4) The presence of pigmentation at the measuring sites was evaluated and the percentile with pigmentation was calculated for the gingival melanosis record (GMR).
The relationship between age and smoking history was analyzed using Spearman's rank correlation coefficient. To evaluate age-related differences in gingival pigmentation due to smoking, all patients were divided into subgroups by their age (10-year intervals), and baseline photographs were evaluated using GMR and Hedin's classification. To determine the age-related effect of smoking cessation on smoking-induced gingival pigmentation, subjects were separated into a former smoker group (stopped smoking) and current smoker group (presently smoking). In addition, the two groups were divided into subgroups by age, and the baseline and follow-up photographs were compared using GMR and Hedin's classification.
Statistical Analyses
We conducted all analyses using the SPSS software program, version 22.0 (IBM, Tokyo, Japan). The significance level was set at 5%. An analysis of variance was used to evaluate the age differences at the baseline. The age-related differences in pigmentation between the former smoker group and current smoker group were analyzed by a paired t-test. Comparisons between the baseline and follow-up photographs of the former smoker group were also analyzed by a paired t-test.
Results
Subjects
The characteristics of the study subjects are shown in Table 1 . A total of 259 patients (mean age 45.9 years; range 19-79 years, 126 current smokers, and 133 former smokers) attended the baseline examination. Twenty-four patients were excluded because of unreadable photographs or the absence of routine checkups. No statistically significant differences between the current smoker group and former smoker group were observed in the baseline characteristics and GMR. A significant correlation was found between the duration of smoking and subject age using Spearman's rank coefficient (p < 0.01, correlation coefficient = 0.85). There were no statistically significant differences among subgroups for the follow-up period or duration of smoking cessation ( Table 2) . 
Smoking-Induced Gingival Pigmentation in Different Age Groups
The 259 patients were analyzed for their gingival pigmentation using GMR and Hedin's classification at baseline. Figure 3 shows the baseline GMR separated by age group. It was significantly associated on an analysis of variance (p < 0.05) in subgroups. The GMR was the highest among patients in their 30s with a decreasing trend after the 40s. Hedin's classification showed the same tendency, with patients in their 30s showing the highest proportion of scores of 3 and 4 among all age groups. 
Age-Related Differences in Decreased Gingival Pigmentation Due to Smoking Cessation
The average follow-up period in the former smoking group was 4.50 ± 2.15 years, and the mean duration of smoking cessation was 3.14 years. In the current smoking group, the average follow-up period was 3.79 years. Figure 4 shows a comparison of the GMR between baseline and follow-up in both groups. The GMR decreased significantly with age in both groups, and Hedin's classification showed the same tendency. Each age group among former smokers showed less gingival pigmentation than the current smokers. Figure 5 shows the differences in the GMR at baseline and follow-up for each age group among current smokers. The GMR decreased with age, but the amount of change among those in their 20s was clearly less marked than in other age groups, and only those in their 20s showed no significant difference in the score between baseline and follow-up. The same tendency was noted in Hedin's classification, and the improvement of gingival pigmentation with smoking cessation was less obvious among those in their 20s than in other age groups. 
Discussion
In this study, we analyzed the gingival pigmentation of 259 patients from 19 to 79 years of age. The results showed that patients in their 30s had the most widespread gingival pigmentation. Furthermore, the effect of smoking cessation on gingival pigmentation was weak among those in their 20s. These findings suggest that smoking significantly affected gingival pigmentation in young people.
Regarding why these effects of smoking on gingival pigmentation were so much more marked in young people than in others, gingival pigmentation has a number of causes and develops due to the accumulation of melanin by melanocytes [10] . The activation of melanocytes can trigger the accumulation of melanin. Histologically [19] , many reports have noted that young people have high melanocyte activity. As such, the widespread gingival pigmentation in young people may have been 
Regarding why these effects of smoking on gingival pigmentation were so much more marked in young people than in others, gingival pigmentation has a number of causes and develops due to the accumulation of melanin by melanocytes [10] . The activation of melanocytes can trigger the accumulation of melanin. Histologically [19] , many reports have noted that young people have high melanocyte activity. As such, the widespread gingival pigmentation in young people may have been due to their high activity of melanocytes. Reports from the dermatological field also suggest that young people have many melanocytes and high melanocyte activity [20, 21] , and we feel that these reports support our findings.
However, there have been a few reports of pigmentation increasing with age. For example, Fry reported that buccal pigmentation increased with age [22] . However, the participants in that study, which was conducted in Britain, were of Caucasian and African descent, while our study included only Japanese people. Differences in races or species seemed important concerning gingival pigmentation [23] [24] [25] . We therefore feel that our present findings are not necessarily negated by these previous ones.
Several limitations associated with the present study warrant mention. First, there was an evaluation limit for gingival pigmentation. Hedin's classification, which is the gold standard for analyzing gingival pigmentation, evaluates pigmentation on a scale of 0 to 4 in a subjective manner, and it is not a quantitative evaluation [12] . In contrast, GMR is a quantitative method of analyzing the gingival pigmentation that uses common logistics [18] . However, GMR requires a longer analysis time than Hedin's classification on a per capita basis. Therefore, a more refined method is yet needed. Second, information on the smoking amount was limited, and we were unable to determine the smoking index because subjects were unclear about the number of cigarettes smoked per day. However, there have been reports that gingival pigmentation has no relationship with the number of cigarettes smoked per day [26] . We therefore feel that this limitation does not deny our outcome.
This study found that younger patients showed more significant smoking gingival pigmentation than older ones. This result is very important for clinical practice. While the smoking rate is decreasing in developed countries year over year [27] , the rate of young smokers has been on the rise for the past several years in some countries [28] . In addition, smoking in young people is associated with not only concerns for their own health but also that of potential children [2] [3] [4] [5] . Therefore, antismoking education is a very important and pressing issue. In the dental field, describing the effects of smoking on gingival pigmentation is effective in educating patients on smoking cessation. Our findings may therefore expand anti-smoking education to include pointing out the effects of smoking on gingival pigmentation.
In addition, all age groups among former smokers showed less gingival pigmentation than the current smokers (Figure 4 ). However, current smokers also had decreased gingival pigmentation. The cause of decrease in the current smoker group was thought to be the quantity of smoking. Araki et al. reported that the prevalence of gingival pigmentation was significantly higher in smokers who smoked more than 10 cigarettes per day [29] . Additionally, the absence of oral pigmentation was recognized in a patient who initially smoked four cheroots per day but reduced the amount to one cheroot per day for nine years [14] . Taken together, these findings suggest that the quantity of smoking reduction might lead to a reduction in gingival pigmentation.
In order to further clarify the effects of smoking on gingival pigmentation, it is important to conduct long-term follow-up examinations of the gingival pigmentation. In the present study, the mean follow-up period was 4.15 years, which was relatively short; 5 or 10 years' follow-up may be better. Furthermore, increasing the number of subjects might better depict the effects of smoking cessation in the short term. Regardless, it is important to conduct further research in order to ensure that smoking cessation education has a sound scientific basis.
Conclusions
The present findings suggested an age-related difference in the smoking-induced gingival pigmentation. Gingival pigmentation due to smoking was more significant in younger patients than in older ones, and the reduction in the gingival pigmentation by smoking cessation was less marked in younger patients than in older ones. Therefore, anti-smoking programs should strongly target younger generations.
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